Abstract The association between stress and cancer incidence has been studied for more than seven decades. Despite plausible biological mechanisms and evidence from laboratory studies, findings from clinical research are conflicting. The objective of this study was to examine the association between PTSD and various cancer outcomes. This nation-wide cohort study included all Danish-born residents of Denmark from 1995 to 2011. The exposure was PTSD diagnoses (n = 4131). The main outcomes were cancer diagnoses including: (1) all malignant neoplasms; (2) hematologic malignancies; (3) immune-related cancers; (4) smoking-and alcohol-related cancers; (5) cancers at all other sites. Standardized incidence ratios (SIR) were calculated. Null associations were found between PTSD and nearly all cancer diagnoses examined, both overall [SIR for all cancers = 1.0, 95 % confidence interval (CI) = 0.88, 1.2] and in analyses stratified by gender, age, substance abuse history and time since PTSD diagnosis. This study is the most comprehensive examination to date of PTSD as a predictor of many cancer types. Our data show no evidence of an association between PTSD and cancer in this nationwide cohort.
Introduction
Posttraumatic stress disorder (PTSD) is a prevalent public health problem associated with significant costs to individuals and society [1] . Cancer, as a potential sequelae of chronic or severe stress, has been discussed in scientific publications during the past seven decades and even longer in historical literature [2] [3] [4] . Biological mechanisms proposed for this association include impairment of immune system function resulting from stress, which could impact the body's ability to fight tumor growth; alterations in DNA repair, which could promote cancer-related mutations; and the possibility that stress-related hormones play a role in tumor growth [3, 4] . Behavioral mechanisms have been proposed as well, most notably that stress precipitates behaviors that are risk factors for cancer (e.g., smoking, alcohol misuse) [4] .
Given the plausible biological mechanisms for this association, stressful events and cancer have been the subjects of much clinical research. Early small case-control studies reported an association of stressful life events with breast cancer and gastric cancer [5] [6] [7] [8] . In the Finnish Twin Study (one of the largest studies to date), which combined self-reported data and medical records, specific acute stress events (e.g., death of a husband) were associated with incidence of breast cancer [9] . A population-based study in Denmark found smoking-related malignancies among mothers to be weakly associated with loss of a child [10] .
Despite the few studies that have found associations between stress and cancer and despite the plausible mechanisms proposed, the majority of studies have found no evidence supporting an association [4] . Populationbased studies of the association between stress and breast cancer have had null findings [11] . Job stress was not associated with breast cancer risk in the Nurse's Health Study [12] . A Danish population-based study found that cancer in a child (as the stressor) was not associated with a variety of forms of cancer among parents [13] . Most recently, a population-based study using registry data from Western Australia found no increased incidence of any type of cancer among persons diagnosed with stress or anxiety disorders, compared with the general population [14] .
Research to date is limited by a focus on specific stressful events or selected cancer types, which may explain the inconsistent findings. A recent review of studies of various forms of stress and breast cancer, encompassing epidemiology and molecular biology, called for well-designed cohort studies to elucidate these potentially important associations [15] . We know of no population-based study that has examined PTSD-the diagnosis given following exposure to a traumatic life event 1 -as a risk factor for diagnoses of many types of cancers. The current study fills this important gap in the literature by examining the incidence of various forms of cancer in a nationwide cohort of patients with a prior diagnosis of PTSD. Given the ubiquity of PTSD and cancer and their costs to individuals and society [1, 16] , any observed associations could have meaningful public health implications.
Methods
We conducted a cohort study using Danish national administrative and healthcare registries to compare the incidence of various forms of cancer among patients with a recorded PTSD diagnosis with that expected in the general population during the same time period. The cumulative base population consisted of Danish-born residents of Denmark from January 1, 1995 through December 31, 2011 (80,607,865 person-years of follow-up).
Data sources
The Danish Civil Registration System (CRS) contains a unique personal identifier [the central personal registry (CPR) number], date of birth, gender, and additional demographic data for all persons residing in Denmark since 1968 [17] . The CRS contains data on vital status and address changes for each resident and is updated daily. The CPR number can be used to link data across all Danish administrative and medical registries.
The Danish Psychiatric Central Research Registry has collected data on inpatient hospitalizations since 1969 and outpatient psychiatric treatment since 1995 [18, 19] . It contains treatment dates and up to 20 diagnoses per treatment episode for patients who are admitted to a psychiatric inpatient hospital, receive outpatient care, or are treated in a psychiatric emergency unit [18, 19] . We used the Psychiatric Central Research Registry to create a cohort of all Danish residents with at least one incident ICD-10 diagnosis of severe stress or adjustment disorder from January 1, 1995 to December 31, 2011 [20] . Patients with PTSD diagnoses (see ''Appendix'' for ICD-10 codes) within that cohort were used for the current study (n = 3143). Validation studies of diagnoses in the registry (e.g., schizophrenia and affective disorders) have shown high validity measured against computer-generated diagnoses or independent re-interviews [18, 19] . Our own validation study showed that validity is high for PTSD diagnoses recorded in this registry [21] .
The Danish National Registry of Patients (DNRP) covers all inpatient non-psychiatric hospital treatment in Denmark since 1977 and outpatient and emergency room visits since 1995 [22] . Its data were coded according to ICD-8 from 1977 through 1993 and ICD-10 thereafter. We used data from the DNRP to compute a Charlson Comorbidity Index (CCI) score for each patient in our study as a measure of overall physical health status [23] . As well, diagnoses of substance abuse were obtained from the DNRP and used to stratify our analyses (see ''Appendix'' for corresponding ICD codes). Patients with PTSD diagnoses in the DNRP only were also included in the current study (n = 988).
The Danish Cancer Registry (DCR) has recorded all incident cancer diagnoses in Denmark since 1943. Diagnoses have been coded according to the ICD-10 since January 1, 2004 and all cancer diagnoses which were coded according to ICD-8 prior to 2004 have been recoded using ICD-10 codes [24] . Validation studies have found that 95-98 % of records contained in the DCR are valid [24] . We obtained the following cancer diagnoses from the DCR: (1) all malignant neoplasms; (2) hematologic malignancies (e.g., Hodgkin's lymphoma); (3) immune-related cancers (e.g., liver cancer including cancer of the intrahepatic bile ducts, cervical cancer); (4) smoking-andalcohol related cancers (e.g., lung, colon, bladder); (5) cancers at all other sites (e.g., ovary, fallopian tube, breast). The Appendix lists individual incident cancers and corresponding ICD-10 codes.
Analyses
We calculated the expected number of incident cancer cases after PTSD diagnoses using national rates of incident cancer diagnoses (restricted also to the Danish-born population of Denmark) according to sex, 5-year age groups, and 5-year calendar periods. Multiplying personyears of follow-up by incidence rates yielded the number of cancer cases that would be expected if persons with PTSD diagnoses had the same risk of cancer as the general population [25] . We calculated standardized incidence ratios (SIRs) to measure the association between PTSD and cancer as the ratio of observed to expected cancer cases. Confidence intervals (CIs) were calculated assuming that the observed number of cases for a specific cancer follows a Poisson distribution. Exact confidence limits were calculated when there were fewer than ten observed cancer cases; otherwise Byar's approximation was used. Our presentation of results is limited to cancers for which there were five or more observed incident cases among persons diagnosed with PTSD during the study period. Presentation of stratified results is also limited to cancer diagnoses with at least five incident cases among people with PTSD within each subgroup.
We restricted our analyses to cancers diagnosed one or more years after the PTSD diagnosis date to ensure that the PTSD diagnosis was not subsequent to the cancer diagnosis. We further restricted our analyses to adults, defined as being age 16 or older. Analyses were stratified by time interval between first PTSD diagnosis and incident cancer diagnosis (1 to \5 years and 5? years), sex, age at PTSD diagnosis (16-39 years, 40-59 years, and 60? years), substance abuse diagnoses, and CCI score. All statistical analyses were conducted using SAS version 9.2. The study was approved by the Danish Data Protection Agency (record no. 2012-41-0841) and by the Institutional Review Board at Boston University.
Results
We identified 4131 adults with a diagnosis of PTSD who had not had a cancer diagnosis 1 year after their PTSD diagnosis (60 % female). PTSD patients were followed for an average of 7.6 years (median follow-up 6.7 years; range 1 year through 17 years). Age at PTSD diagnosis ranged from 16 years through 94 years (mean age 39.4 years; median age 39 years). Among PTSD patients, 159 cases of cancer were diagnosed one or more years after the PTSD diagnosis. Table 1 displays associations between PTSD and incidence of cancers in major groups and for specific cancers. An overall null association was found for PTSD and cancer diagnoses (SIR = 1.0, 95 % CI = 0.88, 1.2). Null associations (shown in Tables 1, 2 Posttraumatic stress disorder and cancer risk: a nationwide cohort study 565 uterine cancer (SIR = 1.4, 95 % CI = 0.46, 3.3). No meaningful differences in this association were noted in stratified analyses ( Table 2) .
Effect of overall health
PTSD did not confer any additional risk for overall cancer incidence among persons with at least one comorbidity (as indicated by a CCI score of 1 or greater). The SIR among those with 1? comorbidities was 0.60 (95 % CI = 0.36, 0.95), while the SIR for those with no comorbid diagnoses was 1.1 (95 % CI = 0.95, 1.3).
Discussion
This nationwide cohort study-the largest to date examining PTSD as a risk factor for a number of cancer outcomes-showed no evidence of associations. This is consistent with other population-based studies, which reported that stressful life events are generally not associated with cancer incidence [11] [12] [13] [14] . In addition to corroborating results of other studies, our large population sample enabled us to conduct important stratified analyses, which provided no strong evidence of associations among select subsamples.
Study strengths include use of data from a large population-based cohort with complete follow-up and little to no selection bias. As well, the large sample and long study period allowed us to examine associations that have not been studied previously. We were able to look at rare cancer outcomes and associations among important subgroups. In addition, we were able to examine validated PTSD diagnoses as a marker for prolonged clinically detected stress triggered by trauma from any source. Previous research has focused predominantly on specific stressful events.
Despite the size of the current study, it was too small to examine associations with rare cancers, particularly in the stratified analyses. Other limitations included an inability to adjust for behavioral risk factors for cancer, such as smoking. Future population-based studies are needed to replicate our results while incorporating these potentially important confounders.
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